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In recent years, Hamilton County, TN has experienced extensive urban growth. 
According to US Census data, Hamilton County welcomed more than 33,000 new residents in 
the last decade. There is increased concern about the environmental sustainability of 
Chattanooga’s urban growth because significant impervious surface development has taken 
place along the South Chickamauga Creek. This leaves the creek subject to increased urban 
runoff, which often carries sediments with different municipal pollutants. Thus, monitoring 
turbidity in the stream water is important to determine the sustainability of urban development 
in Chattanooga, TN.  
In this research, we have compared the viability of using different satellite sensors to 
remotely study qualitative suspended sediment concentrations in the lower South Chickamauga 
Creek by calculating Normalized Difference Suspended Sediment Index (NDSSI) using Landsat 8, 
Sentinel – 2, and PlanetScope images. While both Landsat and Sentinel – 2 images have been 
used successfully to calculate NDSSI, PlanetScope has not yet been tested. PlanetScope’s very 
high spatial resolution makes it potentially very useful in analyzing water quality parameters in 
narrow creeks such as the South Chickamauga Creek. When comparing a limited number of in 
situ total suspended solids (TSS) measurements to the NDSSI values derived from each satellite 
images, it was found that PlanetScope imagery can be used to study qualitative suspended 
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INTRODUCTION AND LITERATURE REVIEW 
1.1. Urbanization 
Urban areas can be defined as highly populated areas built by humans, for humans. 
They are characterized by high population density, increased infrastructure, and significantly 
decreased biologic diversity due to deforestation and habitat fragmentation (Hall & Hossain, 
2020; South Chickamauga Creek, 2012). Buildings, sidewalks, and roads are examples of 
impervious surfaces involved in urbanized development (Hall & Hossain, 2020). Impervious 
surfaces are associated with a decline in water quality because they prevent the infiltration of 
natural surface water and increase contaminated runoff into nearby water sources (Hall & 
Hossain, 2020; Stall, 1972; South Chickamauga Creek Headwaters, 2012). According to the 
United Nations, urban cities contained 54% of the human population globally in 2014. That 
number is expected to increase by more than 10% by 2050 (Hall & Hossain, 2020; United 
Nations, 2014). Growing populations are causing a need for additional development, creating 
the process we refer to as urbanization.  
Urbanization in Hamilton County, TN 
One objective of this research is to investigate the relationship between the growing 
population, urbanization rates, and the water quality of nearby watersheds in the Chattanooga 
area of Hamilton County, TN. According to US Census data, Hamilton County welcomed more 
than 33,000 new residents in the last decade. Between 1986 and 2016, Hamilton County’s 
population increased by roughly 76,000 people (U.S. Census Bureau, 2016). Within Hamilton 
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County, the Chattanooga metropolitan area boasts the most employment opportunity in the 
county (Chattanooga-Hamilton, 2015). Rapid population increase has led to the development of 
additional business complexes, housing, and infrastructure development in Chattanooga, TN. In 
the first half of 2021 alone, more than 1,400 building permits were requested for new homes in 
Hamilton County. This is up 44% compared to previous years (Flessner, 2021). Over the last 30 
years, there has been over 28 mi2 of impervious surface development in Chattanooga (Hall & 
Hossain, 2020).  Of the development, almost 6 mi2 was within 90 m of rivers, streams, or creeks. 
Specifically, almost 15 mi2 of area along the South Chickamauga Creek between 1986 and 2016. 
In total, there are more than 30 mi2 of urban development along the creek. In 30 years, was 
more than a 100% increase in impervious surface development along the creek (Hall & Hossain, 
2020). 
 
1.2. Riparian Zones 
A riparian or “buffer” zone is defined as a densely vegetated area lining a natural creek 
or stream (Hall & Hossain, 2020; BuZ Buffer Zone, 2021; Hossain et al., 2007). These zones are 
measured from the top of the stream bank to about 100 ft out (Hall & Hossain, 2020; BuZ 
Buffer Zone, 2021). Riparian areas are crucial to protecting both humans and ecosystems. The 
vegetated areas not only serve as habitats for native wildlife, but they also prevent harmful 
contaminants from running into the adjacent stream during rain or flooding events. Buffer 
zones are also crucial to slowing flood waters in the case of flooding events by absorbing 
rainwater and slowing the speed of floodwaters. Riparian zones are particularly important for 
protecting watersheds near urban settings (Hall & Hossain, 2007; BuZ Buffer Zone, 2021).  
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According to the South Chickamauga Creek Headwaters Management Plan, the state of 
Tennessee has a legal minimum buffer requirement of 25 ft from the vegetated (riparian) area 
for standard streams meaning that development must leave a minimum 25 ft of vegetated area 
between the creek and the nearest construction (Smith & Huser, 2012; BuZ Buffer Zone, 2021). 
The official suggestion for Hamilton County is to leave 60 ft between the creek’s edge and the 
edge of construction. However, exceptions can be made to allow construction projects to abide 
by the minimum acceptable distance rather than the suggested acceptable distance (BuZ Buffer 
Zone, 2021). 
 
Figure 1: True Color Image of the South Chickamauga Creek in Chattanooga, TN featuring a 60- 
foot buffer around the creek using Sentinel-2 data 
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Figure 1 displays a 60-foot buffer around each side of the Lower South Chickamauga 
Creek in true color band combinations as seen by the Sentinel-2 satellite on 02/29/2020.   
Municipal impervious development is problematic because it endangers protective riparian 
zones near rivers, streams, creeks, and lakes (Hall & Hossain, 2020; BuZ Buffer Zone, 2021; 
Hossain et al., 2007). This leaves the watershed vulnerable to increased contamination through 
metropolitan runoff as well as potential agricultural nutrient exposure from pastures upstream. 
The destruction of riparian areas also leaves nearby development with less protection against 
major flooding events (Hall & Hossain, 2020; BuZ Buffer Zone, 2021).  
 
1.3. Water Quality Parameters 
While urban development is well known to pose risk to biologic communities on land, it 
is important to acknowledge the negative effects urban areas have on water quality as well. 
Urbanization along river systems expose watersheds to municipal pollution such as the runoff 
of auto fluids, sewer overflows, wastewater effluent, and more (Kannel et al., 2007; Freni et al., 
2011). Common parameters used to estimate and compare overall water quality of river 
systems include temperature, acidity, dissolved oxygen, conductivity, and total suspended 
solids (Kannel et al., 2007; Freni et al., 2011; Lyell & DeLiberty, 2021).  
Particularly, suspended solids are harmful to fluvial systems. Total suspended sediment 
or total suspended solids as a water parameter is defined as organic or inorganic material 
particles in a known volume of water that are larger than 2 microns in size (Butler & Ford, 2017; 
Walter, 1961). Suspended solids can also be used to measure water clarity (Lyell & DeLiberty, 
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2021). Suspended solids occur naturally in creek systems, and natural concentrations vary 
depending on the hydrology of the system. Suspended solids typically include sand, silt, clay, 
various mineral precipitates, and biologic substances (Butler & Ford, 2017). While water 
systems have naturally occurring suspended solids, the concentration of solids can be 
influenced by anthropogenic changes to the surrounding environment (Butler & Ford, 2017; 
Stall, 1972).  
Increased concentration of suspended solids is linked to both increased water 
temperature and higher amounts of nitrification and bacterial growth (Xia et al., 2009; Stall, 
1972). Excessive nitrification with the introduction of phosphorus, a common nutrient used in 
agricultural processes, is known to decrease the dissolved oxygen in river systems, thus driving 
out or killing native fish and aquatic communities (Xia et al., 2009). The impact of suspended 
solid concentrations on creek and stream systems makes it important to develop efficient 
methods of quantification and comparison.  
 
1.4. Remote Sensing 
Remote sensing is defined by the USGS as the detection of physical properties via 
measured reflectance or radiation as detected by a distant satellite or aircraft (What is remote 
sensing, 2021). Since the launch of Landsat 1 in 1972, satellite images have been used by 
researchers to remotely detect and assess various physical aspects of the planet without the 
need for in-situ measurements (Lyell & DeLiberty, 2021; Acharya & Yang, 2015). From detecting 
urban heat islands to detecting water quality, satellite data has made it possible to monitor 
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various environmental factors quickly and cheaply. Remote sensing has allowed more regular 
and comprehensive testing than physical testing alone. 
While the progression of the science of remote sensing and available funding have 
caused variation from one satellite program to another, the general concept is similar. Either 
one or many satellites are launched into Earth’s orbit. Each satellite is composed of antennas to 
send and receive data, a power source, and cameras or sensors (Dunbar, 2015). Satellites 
collect spatial and temporal information through sensors. The satellite’s sensors convert photos 
reflected from Earth’s surface to electrons, then amplifies them. That is then displayed as a 
“digital number” or DN for each pixel captured (Planet, 2021). The satellite stores and transmits 
that data back to Earth (Dunbar, 2015; Acharya & Yang, 2015). For this research, we have 
selected three satellite missions based on data availability, sensor characteristics (spatial, 
spectral, temporal, and radiometric), and the quality of the data available. The satellite missions 
are: Landsat 8, Sentinel – 2, and Planet. 
 
1.4.1. Landsat 8 
The Landsat 8 satellite was launched in 2013 by NASA and the US Geologic Survey 
(Acharya & Yang, 2015). It is equipped with both the Operational Land Imager (OLI) sensor and 
the Thermal Infrared Sensor (TIRS). The OLI sensor detects and collects surface reflectance in 
red, blue, green (visible or RGB), near infrared, shortwave infrared wavelengths. While there 
are other bands available, only the visible and near infrared bands will be used in this study. 
The Landsat 8 satellite completes an orbit around earth once every 16 days. This will be 
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referred to as the “revisit time.”  Visible-band images captured by Landsat 8 are available in 30 
m spatial resolution (Acharya & Yang, 2015). The data files are typically provided in GeoTIFF 
format and have a 16-bit unsigned integer data type. The map projection and datum are listed 
as Universal Transverse Mercator World Geodetic System, or UTM WGS84. Band designations 
for the Landsat 8 satellite can be seen in Table 1 (Acharya & Yang, 2015). 
 Landsat 8 was chosen because the data is free and easily accessible. Also, if Landsat 8 
can accurately detect the suspended sediment concentration of interest, it may be possible to 
use data as far back as Landsat 5 (1984) to provide historic data and detect changes in the creek 
over extensive periods of time (Acharya & Yang, 2015). Because Landsat is widely used in water 
quality studies, its use in this study makes the results comparable and replicable.  
However, Landsat 8 does have pitfalls for this particular study. The 16-day revisit time 
made it challenging to obtain cloud-free images for appropriate time of research. The revisit 
time also made it harder to find dates on which all three sensors of interest had captured the 
same area. The 30 m spatial resolution is also not ideal for a creek as small as the South 




















The Sentinel-2 satellite was launched in 2015 by the European Space Agency to provide 
high - resolution monitoring of the Earth (Navigation, 2021). Sentinel-2 provides four bands 
with 10-m spatial resolution. Those bands include red (R), green (G), blue (B), and near infrared 
(NIR). The satellite’s revisit time is 10 days, making it more likely to capture cloud-free images 
than Landsat (Wang et al., 2016). While the 10-m spatial resolution is an improvement, it is still 
not ideal for extracting water pixels from narrow creeks. Table 2 provides the spectral and 










Band 1 Coastal Aerosol 0.43 - 0.45 30 
Band 2 Blue 0.45 - 0.51 30 
Band 3 Green 0.53 – 0.59 30 
Band 4 Red 0.64 – 0.67 30 
Band 5 NIR 0.85 – 0.88 30 
Band 6 SWIR 1 1.57 – 1.65 30 
Band 7 SWIR 2 2.11 – 2.29 30 
Band 8 Panchromatic 0.50 – 0.68 15 
Band 9 Cirrus 1.36 – 1.38 30 
Band 10  TIRS 1  10.6 – 11.19 100 
Band 11 TIRS 2 11.50 – 12.51 100 














1.4.3.  PlanetScope 
The first Planet Labs nanosatellite launched in 2013, followed by more than 200 other 
nanosatellites. The “constellations” are referred to as PlanetScope, which is made up of 
multiple “flocks” of individual satellites named Dove (Planet, 2021). These instruments are just 
over 13 inches long and weigh under 12 pounds. Despite their uniquely small size, they produce 
images that have 3 to 5-m spatial resolution. Thanks to the sheer number of nanosatellites, 
Planet Labs can provide data covering the entire globe each day (Planet, 2021; Mansaray et al., 
2021). PlanetScope sensor acquires imagery in red (R), green (G), blue (B) and near infrared 
(NIR) bands. These uniquely impressive capabilities do not come without a price, however. 
Band 
Number 





Band 1 Coastal Aerosol 0.443 – 0.49 60 
Band 2 Blue 0.49 – 0.56 10 
Band 3 Green 0.56 – 0.665 10 
Band 4 Red 0.665 – 0.705 10 
Band 5 VNIR 0.705 – 0.740 10 
Band 6 VNIR 0.740 – 0.783 20 
Band 7 VNIR 0.783 – 0.842 20 
Band 8 VNIR 0.842 – 0.865 10 
Band 8a VNIR 0.865 – 0.940 20 
Band 9 SWIR 0.940 – 1.375 60 
Band 10 SWIR 1.375 – 1.610 60 
Band 11 SWIR 1.610 – 2.190 20 
Band 12 SWIR 2.190 – 2.500  20 
Table 2: Spectral and Spatial Resolution of Sentinel – 2 data 
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Unlike Sentinel-2 and Landsat, Planet Labs is privately owned, so researchers and companies 
must contact Planet Labs for a price estimate to obtain data. Planet Labs has a research 
program allotting a limited amount of data for free to students and educators. The high spatial 
resolution and frequent revisit time of PlanetScope data makes it ideal for the monitoring of 
small watersheds. PlanetLabs provides data that has been geometrically corrected using 
Ground Control Points (GCP) and digital elevation models (Planet, 2021). The spectral and 




















Band 1 Blue 0.443 – 0.49 3 
Band 2 Green II 0.49 – 0.565 3 
Band 3 Red 0.565 – 0.665 3 
Band 4 Red Edge I 0.665 – 0.705 3 
Band 5 NIR 0.705 – 0.865 3 
Table 3: Spectral and Spatial Resolution of PlanetScope Data 
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Table 4. Comparison of Satellite Characteristics for Landsat 8, Sentinel – 2, and PlanetScope 
Aatellites (Archarya, 2015; What Are the Band Designations, 2021; Wang et al., 2016; Planet, 
2021)  
 
1.4.4.  Spatial Resolution Comparison between Satellites 
Each satellite has its strengths, making it suitable for a variety of research. Landsat 8 and 
Sentinel-2 are both extremely useful in water quality research projects because they are well 
tested, easily accessible, and free. However, the 3-m spatial resolution of PlanetScope data 
makes it incredibly useful in the study of small creeks and water formations because many such 
studies require the complete exclusion of land from water in order to calculate accurate 
statistics. The variety of satellite characteristics are shown in Table 4. Visual examples of the 
differences in spatial resolution between satellites can be seen in Figures 2-5.  
 
Characteristics Landsat 8 
 
Sentinel – 2  PlanetScope 










Revisit Time 16 Days 10 Days 24 Hours 
Spectral 
Resolution 
Eight 30-m bands, 




Four 10-m bands, six 20-m 
bands, three 60-m bands 
(13 bands) 
Five 3-m bands 












10,000 km2 per month 








Figure 2: False color composite image of South Chickamauga Creek using band combination 4 
(Red), 1 (Green), 1 (Blue) as captured by PlanetScope satellites on July 3, 2021. Red indicates 
vegetation. Black/Blue indicates water. White/Gray indicates urban development. Inset map 




Figure 3: False color composite image of South Chickamauga Creek using band combination 4 
(Red), 1 (Green), 1 (Blue) as captured by Sentinel-2 satellites on July 2, 2021. Red indicates 
vegetation. Black/Blue indicates water. White/Gray indicates urban development. Inset map 





Figure 4: False color composite image of South Chickamauga Creek, using band combination 4 
(Red), 1 (Green), 1 (Blue) as captured by Landsat satellites on July 3, 2021. Red indicates 
vegetation. Black/Blue indicates water. White/Gray indicates urban development. Inset map 
displays the confluence between the TN River and the creek to show the spatial resolution. 
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1.5. Uses of Normalized Difference Suspended Sediment Index 
Remote sensing has long contributed to the advancement of water quality studies 
(Hossain et al., 2021). In this study, the Normalized Difference Suspended Sediment Index 
(NDSSI) (Hossain et al., 2010) was used to model the relative suspended sediment 
concentration of the creek. NDSSI is an index calculated using surface reflectance data acquired 
by multispectral sensors to determine the relative clarity of areas within any waterbody. This 
index produces an estimation of relative Suspended Sediment Concentration (SSC) with values 
ranging from -1 to 1 where -1 represents the highest SSC and 1 represents the lowest SSC 
(Hossain et al. 2010). 
NDSSI has been used in a variety of water quality research since its creation in 2010 
(Hossain et al., 2007; Zealandia et al., 2017; Mojtahedi et. al, 2021; Capps, 2015). In review, it 
seems that studies, in which NDSSI has been used, can be split into two categories: one in 
which NDSSI is used directly to model suspended sediment of a waterbody to draw conclusions 
to water quality and another in which NDSSI is used as a supplemental dataset to draw 
conclusions about other environmental indicators.  
Many studies have successfully used Landsat data to calculate NDSSI (Shahzad et al., 
2018; Arisanty & Saputra, 2017; Muhaimeed et al., 2017). For example, Hossain et al. (2010) 
used Landsat 5 data to create an NDSSI model as to provide spatial and qualitative suspended 
sediment assessments for Lake Pontchartrain (Kannel et al., 2007). Arisanty and Saputra (2017) 
found a significant increase of suspended sediment concentration in the Barito Delta during the 
dry season using NDSSI and remote sensing. Muhaimeed et al. (2017) used NDSSI and Landsat 7 
and 8 to remotely detect suspended sediment changes between 1989 and 2014 in the Tigris 
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River of Baghdad. It was found that there is an inverse relationship between suspended 
sediment transportation speed and deposition rates. In 2017, Muhammad Shahzad et al. (2018) 
used Landsat 7 with physical measurements and NDSSI to create a numeric model estimating 
SSC in the Indus Delta Region.  
While Landsat has consistently been successfully used for calculating NDSSI, the use of 
other satellites can offer benefits unique to each sensor. Munir and Kidwai (2017) used NDSSI 
with Landsat 7 and Sentinel-2 data to assess the variation of SSC in the Indus River Delta of 
Pakistan. The study found that Sentinel-2 data and Landsat-7 have a correlation coefficient of 
0.84, meaning there is a strong correlation between the results of the two satellites. The study 
also found through physical sampling that Sentinel-2 can be used accurately for NDSSI 
assessments and numeric modeling (Munir & Kidwai, 2017). Sentinel-2A data was also used to 
calculate the total suspended sediments (TSS) in the river near Padang City. This study showed 
80.51% accuracy in calculations made using Sentinel-2 images when compared to physical 
measurements (Munir et al., 2019). Dhannahisvara et al. found that SPOT-6 data can also be 
used to accurately calculate Total Suspended Sediment (TSS) using the NDSSI model and 
numeric modeling. 
Measuring suspended sediment holds importance not only in water quality studies 
alone, but also in predicting or monitoring indicators of environmental conditions. In some 
studies, NDSSI has been used to draw conclusions about the environmental impacts of human 
activity.  
It was used to calculate SSC in the Quintero Bay of Chile using Landsat 8 data to assess 
the effects of continuous waste effluent being discharged into the bay. The results of this study 
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showed a consistent increase in SSC due to continuous wastewater discharge (Salazar & Staub, 
2021).  
In addition to simple water quality studies, threats or changes to environmental 
indicators have been depicted using NDSSI. For example, a study was conducted to evaluate the 
relationship between turbidity and bacteria, using Landsat 7 and 8 as well as NDSSI to assess 
and model TSS in the Ross Barnett Reservoir (Capps, 2015). NDSSI was also used to study how 
recent climate and anthropologic changes in the area have affected the SSC in Lake Urmia in 
Iran. This study was conducted using Landsat images and found that there was a consistent 
increase in the SSC of the lake (Mojtahedi et al., 2021). 
Methods of evaluating water quality through remote sensing can supplement efforts to 
learn about and to preserve various plant and animal species. Landsat data and NDSSI has been 
used as supplemental data in research to assess the effects of mercury pollutants from nearby, 
often illegal, mining operations on local amphibian populations in Madre de Dios, Peru 
(Markham, 2017). Because mercury tends to cling to other sediments in water, there is a 
positive correlation between increased suspended sediment and increased mercury 
concentrations, which is harmful for wildlife. Mapping sediment concentrations in the area of 
question could help with monitoring the effects of the mining in question on local amphibian 
populations (Markham, 2017). 
A similar study was conducted to create a risk assessment model for aquatic populations 
in Enid Lake of Mississippi. NDSSI was calculated to assess the flow and concentration of 
mercury and sediment in the lake and contributing streams and creeks (Chao et al., 2015). 
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Zealandia et al. (2017) mapped water conditions that are suitable for lobsters in East 
Lombok, Indonesia by creating an NDSSI model. The NDSSI model was paired with sea surface 
temperature and chlorophyll-a, which were all calculated remotely using Landsat 8. Most 
recently, in 2021, a study was completed to track the spatial and temporal changes of India’s 
mangrove populations. While the study used Landsat 8 primarily to calculate vegetation indices, 
NDSSI among other calculations were made to provide a comprehensive look at the 
environmental factors affecting the mangroves (Mondal et al., 2021).  
The review of the literature has revealed the wide breadth of studies that have 
successfully used NDSSI. Researchers have used NDSSI to display relative suspended sediment 
concentrations models and to quantitatively calculate TSS in lakes and rivers worldwide. It is 
important to note, however, that studies to this point have calculated NDSSI using Landsat 
images, Sentinel-2 images, and SPOT-6 images. These satellites all provide surface reflectance 
data of the visible and near infrared (VNIR) wavelengths, which could indicate that any satellite 
producing at least blue and near infrared (NIR) bands could be used to calculate NDSSI. 
However, this would have to be tested against in situ measurements and other satellite 
comparisons. This study aims to determine if PlanetScope data can be used to accurately 
calculate NDSSI. PlanetScope has much higher spatial resolution than the satellites used so far. 






1.6. Study Site 
South Chickamauga Creek is a relatively small creek that runs from Catoosa County of 
Northwest Georgia and drains into the Tennessee River near downtown Chattanooga. In 1969, 
Chattanooga was named by Walter Cronkite as the United States’ dirtiest city due to its 
industrial development during the previous wars (Mansaray et al., 2021; About Chattanooga, 
2016). The production of steel, coal, and tar created black sludge that was dumped into local 
streams (About Chattanooga, 2016). It wasn’t until the 1970’s, when the Environmental 
Protection Agency began releasing standards by which to measure air and water pollution that 
Chattanooga officials began to clean up their act. Since then, Chattanooga has seen the 
construction of the Tennessee Aquarium as well as multiple outdoor and conservation 
initiatives making it the two-time winner of Outdoor Magazine’s “Best Town Ever” award 
(About Chattanooga, 2016; Pace, 2017). 
The area surrounding the creek was categorized by the USGS as a Hydrologic Unit Code 
12 watershed or “HUC 12” meaning it is referred to as a “sub-watershed” rather than a 
“watershed” or a “basin” (Hall & Hossain, 2020; South Chickamauga Creek Headwaters, 2012; 
HUC10, 2021). South Chickamauga Creek is one of many watersheds within the Ridge and 
Valley Physiographic Province of Appalachia. This area is composed of primarily sedimentary 
rocks such as shales, dolomite, and limestones, making them more susceptible to erosion in the 
valleys (South Chickamauga Creek Headwaters, 2012; U.S. Dept. Interior, 2018). The streams in 
this region naturally tend to have higher dissolved solids, suspended solids and conductivity due 
to local geology (South Chickamauga Creek Headwaters, 2012; Swingle, 1965). However, the 
region’s geology, topography, and soil composition has not changed for an extended period of 
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time, thus should not play a significant role in recent water quality changes (Hall & Hossain, 
2020; South Chickamauga Creek, 2012; Kingsbury et al., 1999). Instead, studies have found land 
use and land cover is the primary contributor to recent changes in water quality (Hall & 
Hossain, 2020; Kingsbury et al., 1999).  
According to the National Weather Service, Chattanooga, TN has an average rainfall of 
55 inches per year (U.S. Dept of Comm, 2021). Within the study site, the lower South 
Chickamauga Creek ranges from less than 30 ft to more than 160 ft in width. In length, there is 
more than 30 mi of streambank on each side ranging from the Tennessee River to Northwest 
Georgia (Team, 2019). There is only one USGS gauging station on the South Chickamauga Creek 
Figure 5: True color PlanetScope image of South Chickamauga Creek draining to 
the Tennessee River following a flooding event on April 14, 2020 
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within our study site. According to the USGS, the action stage for South Chickamauga Creek is 
16 ft gauge height while the minor flood stage is 18 ft. The moderate flood stage is 22 ft, and 
the major flood stage is 27 ft (South Chickamauga Creek, 2021.) In recent years, we have not 
seen the major flood stage reached. However, there was an event on April 14, 2020, during 
which the gauge height increased to over 25 ft. Overall, though, the median gauge height for 
the lower South Chickamauga Creek seems to be just above the minimum operating limit of 3 
feet at between 4 ft and 6 ft (South Chickamauga Creek, 2021; U.S. Dept. of Comm., 2021). The 
median discharge for the dates of interest is listed at around 240 ft3/s which seems to be low 
compared to the annual median for the creek. With rain events, the discharge can be as high as 
20,000 ft3/s (South Chickamauga Creek, 2021). These values are displayed in Table 5. The table 
includes values for the date 4-14-20 (Figure 5) to provide contrast between a flooding event 
and low-flow periods. South Chickamauga Creek and a buffer set to display the recommended 
buffer distance of 60 ft for the creek are displayed in Figure 6.  
Table 5: Gauge Height and Discharge for the South Chickamauga Creek on Dates of Interest 




4-14-20 25.87 ~ 20,000 
6-17-21 4.57 ~240 





Figure 6: True color image of a 60 – foot buffer around the South Chickamauga Creek 
(highlighted in yellow) and surrounding areas by the PlanetScope satellites on June 17, 2021. 




At the beginning this research aimed to investigate the relationship between the 
growing population, urbanization rates, and the water quality of nearby watersheds in the 
Chattanooga area of Hamilton County, TN. To develop a numeric model for quantitative 
suspended sediment concentration would require numerous in-situ measurements (Hossain et 
al., 2007). While a few were obtained, we could not create an accurate numeric model. Instead, 
we shifted the focus of the research. In assessing our data options, we came across gaps in 
information within the remote sensing community.  
First, how reliable is PlanetScope data for conducting water quality studies within small 
creeks or fluvial environments? Other research showed that Sentinel-2 and PlanetScope data 
were preferrable for lake and reservoir water quality studies over Landsat-8 based on a 
statistical analysis of their histograms (Mansaray et al., 2021). To be able to properly assess 
such small watersheds would require high spatial resolution which is not available with the 
most commonly used data in remote sensing water quality assessments. The high spatial 
resolution offered by PlanetLabs could drastically improve the ability to efficiently assess the 
water quality of smaller and often overlooked watersheds.  
Second, we would like to know if the Normalized Difference Suspended Sediment Index 
(NDSSI) is applicable within the fluvial environments of small creeks. Several studies have been 
conducted to remotely estimate suspended sediment concentrations (SSC) successfully in the 
past (Hossain et al., 2010; Vignolo et al., 2006). However, these studies typically use Landsat 






2.1.     Data Collection 
In an effort to compare the accuracy of PlanetScope data in water quality assessments, 
we first needed to look at the image acquisition calendars for each satellite. Referencing those, 
we were able to select single dates during which all satellites captured the creek of interest. 
Images with extensive cloud cover had to be excluded. Images taken just after rainfall were 
preferred, as the gauge height of the creek during the study was very low.  
  Using the image acquisition calendars, two dates were selected and found to have clear 
skies following rain events. While only two dates are of particular interest to this study, 









Season Landsat 8 Sentinel-2 PlanetScope 















Winter  2-29-20 2-29-20 
Spring 6-17-21 6-17-21 4-12-20 
6-17-21 
Table 6. Dates of Data Obtained through the Study 
 
Season Landsat 8 Sentinel-2 PlanetScope 















Winter  2-29-20 2-29-20 
Spring 6-17-21 6-17-21 4-12-20 
6-17-21 
 Table 4. Dates of data obtained through the study 
25 
 
Because the calculation of the Normalized Difference Suspended Sediment Index 
(NDSSI) requires surface reflectance values, surface reflectance images (L1TP) were obtained 
from each satellite. For Landsat 8, combined Operational Land Imager and Thermal Infrared 
Sensor (OLI/TIRS) data was downloaded.  
For the obtained Landsat images, standard precision and terrain correction was done on 
the surface reflectance product using ground control points (GCPs) and a digital elevation 
model (DEM) (Landsat Geometry, 2021). The images were downloaded as .TIF files. 
The Sentinel-2 images were collected from the Sentinel-2A mission and were processed 
to the Level 2-A product. The Level 2-A product processing includes atmospheric corrections to 
produce the bottom of atmosphere surface reflectance (Navigation, 2021). Sentinel-2 images 
were downloaded as .jp2 or JPEG2 files. 
Planet Labs provides their data product as an analytic multispectral surface reflectance 
file. PlanetScope images were downloaded as .TIF files. 
 
2.2.    Data Processing 
After the data is selected and downloaded, it must be organized. To prevent possible 
corruption, it is best to keep the file path short. The files for this study were saved directly to 
the C: Drive, or local disc, and backed up on an external hard drive. Once the files were in their 
delegated folders, they were unzipped from their compressed folders. Typically, 7-Zip or 





Both Landsat 8 and Sentinel-2 provide the images as individual bands, separated 
depending on their values. The bands were combined to produce a multispectral image using 
the process called ‘layer stacking’.  
Using ERDAS Imagine, the data from both Landsat 8 and Sentinel-2 were layer stacked. 
PlanetScope data did not require layer stacking, as it came pre-stacked with four VNIR layers. 
Layer stacking each image, we produced the layer designations shown in Table 7. 
True color images are displayed when Red = Red, Blue = Blue, 
and Green = Green. True color allows users to see the image as 
it is displayed in real life to the human eye and is useful in 
viewing seasonal variation as well as the clarity of stream water. 
Once stacked, the layers can be reorganized to better delineate 
the creek. In this study, a NIR combination was used to highlight 
vegetation red, as seen in Figure 8. The order of bands used 
here are Red = NIR, Green = Blue, Red = Blue.  
 
 
2.2.1.    Subset and Data Exclusion 
After the image is layer stacked, it can be added to ERDAS Imagine as a raster layer. 
Images tend to be packaged to include a large area of land. In Imagine, the Subset & Chip tool 
was used to subset or crop the image to our area of interest.  
Layer Name 
Layer 1 Blue 
Layer 2 Green 
Layer 3 Red 
Layer 4 Near Infrared 
Table 7. Order of Bands in 
Layer Stacking Process 
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In order to run analysis on South Chickamauga Creek, the creek first had to be excluded 
from the image. To do this, area of interest (AOI) files were created, outlining the creek as 
closely as possible without including the bank or vegetation. An AOI outline was created for 
each satellite image – one for Landsat, one for Sentinel, and one for Planet.  
2.2.2.   Normalized Difference Suspended Sediment Index Calculation 
The Normalized Difference Suspended Sediment Index Calculation (NDSSI) has the 
potential to estimate the relative variation and distribution of suspended sediment 
concentrations (SSC) in rivers and lakes in a qualitative manner (Hossain et al., 2010). This 
coupled with coefficients found through the assessment of physical total suspended solids (TSS) 
measurements can be used to create a numeric model to enable NDSSI to remotely detect 
quantitative SSC values during extreme weather events (Hossain et al., 2010).  
Much like the well-known Normalized Difference Vegetation Index (NDVI), NDSSI uses 
the bands that provide the highest and lowest reflectance values for the matter of interest. In 
the case of NDSSI, the blue band provides the highest reflectance while the near infrared band 
produces the lowest reflectance values for water (Hossain et al., 2007). For all satellite images 
used, Band 1 correlated to Blue and Band 4 correlated to NIR following layer stacking.  
Using ERDAS Imagine’s Model Maker Tool and the carefully constructed AOI files for the 
creek, the NDSSI for South Chickamauga Creek could be calculated. NDSSI is calculated by 
dividing the difference of the surface reflectance values recorded in the Blue and the NIR bands 
by the sum of the surface reflectance values recorded in the Blue and the NIR bands as shown 
in Equation 1.  
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                          𝑁𝐷𝑆𝑆𝐼 =
(ρ𝐵𝑙𝑢𝑒− ρ𝑁𝐼𝑅)
(ρ𝐵𝑙𝑢𝑒+ ρ𝑁𝐼𝑅)
                                                                              (1)   
Where 
ρ𝐵𝑙𝑢𝑒 = Surface Reflectance Values for the Blue Band, 
 ρ𝑁𝐼𝑅 = Surface Reflectance Values for the NIR Band. 
Specifically, Equation 2 shows how NDSSI was calculated for Landsat 8 data. Equation 3 
provides the equation used to calculate NDSSI for Sentinel-2 data, and Equation 4 displays the 
equation used to calculate NDSSI for PlanetScope. 
𝑁𝐷𝑆𝑆𝐼𝐿𝑎𝑛𝑑𝑠𝑎𝑡 8  =
(ρ𝐵𝑙𝑢𝑒 (𝐿𝑎𝑛𝑑𝑠𝑎𝑡 8)− ρ𝑁𝐼𝑅 (𝐿𝑎𝑛𝑑𝑠𝑎𝑡 8))
(ρ𝐵𝑙𝑢𝑒 (𝐿𝑎𝑛𝑑𝑠𝑎𝑡 8)+ ρ𝑁𝐼𝑅 (𝐿𝑎𝑛𝑑𝑠𝑎𝑡 8) )
    (2) 
𝑁𝐷𝑆𝑆𝐼𝑆𝑒𝑛𝑡𝑖𝑛𝑒𝑙−2  =
(ρ𝐵𝑙𝑢𝑒 (𝑆𝑒𝑛𝑡𝑖𝑛𝑒𝑙−2)− ρ𝑁𝐼𝑅 (𝑆𝑒𝑛𝑡𝑖𝑛𝑒𝑙−2))
(ρ𝐵𝑙𝑢𝑒 (𝑆𝑒𝑛𝑡𝑖𝑛𝑒𝑙−2)+ ρ𝑁𝐼𝑅 (𝑆𝑒𝑛𝑡𝑖𝑛𝑒𝑙−2) )
   (3) 
𝑁𝐷𝑆𝑆𝐼𝑃𝑙𝑎𝑛𝑒𝑡𝑆𝑐𝑜𝑝𝑒  =
(ρ𝐵𝑙𝑢𝑒 (𝑃𝑙𝑎𝑛𝑒𝑡𝑆𝑐𝑜𝑝𝑒)− ρ𝑁𝐼𝑅 (𝑃𝑙𝑎𝑛𝑒𝑡𝑆𝑐𝑜𝑝𝑒))
(ρ𝐵𝑙𝑢𝑒 (𝑃𝑙𝑎𝑛𝑒𝑡𝑆𝑐𝑜𝑝𝑒)+ ρ𝑁𝐼𝑅 (𝑃𝑙𝑎𝑛𝑒𝑡𝑆𝑐𝑜𝑝𝑒) )
   (4) 
 
The Model Maker tool in ERDAS Imagine was used to calculate NDSSI. The flow chart 
processed in the Model Maker tool can be seen in Figure 7.  
After NDSSI was calculated, the images had to be corrected to exclude all non-creek 








Figure 7:  Flow chart showing the calculation of NDSSI using multispectral imagery 
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2.2.3. Total Suspended Solids (TSS) Calculation 
While remote sensing alone can provide qualitative information about relative 
suspended sediment concentrations, quantitative total suspended sediment cannot be 
remotely calculated without numeric models calibrated with in situ measurements. TSS cannot 
be calculated without the collection of in situ physical measurements. For this study, an 
attempt was made to create a numerical model. However, due to lack of time and resources 
because of COVID, only twelve samples were possible to collect from three study sites.  
The two days selected for sample collection correlated to the same dates selected for 
the image acquisitions of this study (June 17, 2021, and July 3, 2021.) This provides Landsat 8 
data, Sentinel-2 data, PlanetScope data, and in situ data for these two dates.  
From each site depicted in Figure 8, two one- liter samples were collected and stored on ice 
until refrigeration as to preserve the contents. After all twelve samples were collected (two 
samples from three study sites for two dates), they were analyzed for TSS concentration using 
the following procedure (EPA, 1983; Cole-Palmer, 2021): 
1. Rinse, dry, and weigh each fiberglass filter with deionized water using a vacuum pump 
to remove water.  
2. Repeat drying and weighing process. 
3. Place the filter back into the filter holder. Thoroughly shake each sample. Turn on the 
vacuum pump. 
4. Pour 300 mL through the filter paper.  
5. Rinse each flask with 100 mL of DI water to get any remaining sediments to the filter. 
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6. Dry each filter paper for one hour.  
7. Weigh the filter. 
8. Repeat drying and weighing process to ensure each weight is within a 0.001g tolerance. 
9. Use measured weights to calculate total suspended sediment using the equation below: 
 
             𝑇𝑆𝑆 =
(𝑊𝑓−𝑊𝑖)∗1,000,000
𝑉
                             (5) 
 Where  
TSS = Total suspended solids (mg/L)  
Vf = Final sample weight (g) 
Vi = Initial sample weight (g)  
V = Sample volume (300 mL) 
 
Because the creek has a steep drop off through most of its bank, only three sampling 
sites were accessible by foot: the Riverpoint canoe launch, Sterchi Farms, and Audubon Acres 
(Figure 8).  
The canoe launch is located in downtown Chattanooga near the confluence of the 
Tennessee River. The creek at this point is accessible through the River Walk onto a small dock.  
Sterchi Farms is located just next to a bridge. It was closed off for construction, but 
accessing the river by foot was still possible. There, a small brick pad leads directly into the 
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water. Lastly, Audubon Acres is the location furthest from the confluence and downtown 
construction.  
Audubon is an outdoor recreation area, and the river was accessible through some grown-up 
vegetation and a small staircase leading directly into the water. Here, the creek seemed to be 




Figure 8: False Color image of South Chickamauga Creek with True Color insets of samples 
collection sites. False Color Composite: 1(NIR), 2(Green), 3(Red) where red represents 




RESULTS and ANALYSIS 
3.1.   Normalized Difference Suspended Sediment Index (NDSSI) Results 
Figures 9 through 11 show the NDSSI results for each sensor with insets showing some 
areas in detail. Because the equation for NDSSI calculates the difference between the 
reflectance values recorded in Blue and NIR bands in the numerator, it produces a negative 
value when the reflectance values of NIR band is greater than that of the Blue band. Because 
clear water best reflects the Blue band, a lower Blue value or higher NIR value indicates 
relatively higher suspended sediment concentrations. Thus, lower or more negative NDSSI 
values are indicative of higher suspended sediment concentrations while higher or more 
positive NDSSI values are indicative of lower suspended sediment concentrations (Hossain, et 
al., 2010).  
It seems that Sentinel-2 and PlanetScope have relatively similar results, showing nearly 
matching areas of low and high relative suspended sediments. Landsat 8, however, shows high 
NDSSI values in areas where the other two satellites display low suspended sediments. This 
kind of difference is likely due to the difference in spatial resolution. 
By creating a shape file with 15 points in the creek, the NDSSI results for each sensor 
were compared to assess the difference in individual NDSSI values from sensor to sensor as well 
as display how similarly they operated based on five areas throughout the creek. The selected 
areas (A-E) are shown in Figure 12. The 15 individual reference frames for each satellite can be 














Figure 11: Landsat 8 NDSSI image as seen on July 3, 2021, using Erdas Imagine and ArcMap 
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3.2. Normalized Difference Suspended Sediment Index Sensor Comparison 
As expected, the NDSSI values differ between satellites. The relative comparison of each area 
remains similar overall while individual pixels based on point location differ, likely due to the 
spatial resolution difference.  
 




































Figure 14: Close up comparisons of NDSSI on July 3, 2021 using Sentinel – 2 data 
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Figure 15: Close up comparisons of NDSSI on July 3, 2021 using PlanetScope data 
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3.3. Analysis of NDSSI Results within the Control Lake 
 
It is important to note that the figures provided are strictly comparing the areas of 
South Chickamauga Creek. To get a better idea of the relative suspended sediment 
concentration in the creek, NDSSI was conducted once more, but this time the nearby 
Chattanooga Quarry was included in the AOI file. Figure 16 shows that the creek has higher 
Figure 16: NDSSI model displayed on a False Color Composite Planet Image (1:Blue, 2:Blue, 
3:Blue) including the Vulcan Materials quarry for comparison 
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suspended sediment concentration than the nearby quarry, which provides us a better 
understanding of the SSC in the creek. In addition to the 15 observation points created within 
the creek, 10 more observations were created within the lake to compare the NDSSI values 
calculated by different sensors (Figure 12). 
Table 8: NDSSI values extracted by all observation points (including the control lake) for July 3, 
2021 using imagery acquired by all three sensors  
Point ID 
C – Creek 
L - Lake 
Landsat 8 Sentinel - 2 PlanetScope 
C 1 -0.144 0.096 -0.429 
C 2 -0.040 0.007 -0.467 
C 3 -0.171 0.168 -0.458 
C 4 -0.148 0.043 -0.481 
C 5 -0.140 -0.220 -0.501 
C 6 N/A 0.138 -0.549 
C 7 -0.090 0.026 -0.565 
C 8 -0.194 -0.255 -0.570 
C 9 -0.123 -0.059 -0.523 
C 10 -0.035 -0.001 -0.461 
C 11 N/A 0.142 -0.556 
C 12 N/A -0.057 -0.614 
C 13 N/A -0.020 -0.645 
C 14 -0.162 0.053 -0.625 
C 15 -0.171 -0.378 0.556 
L 1 0.223 0.431 0.155 
L 2 0.223 0.440 0.127 
L 3 0.181 0.370 0.098 
L 4 0.206 0.377 0.068 
L 5 0.191 0.365 0.071 
L 6 0.183 0.345 0.058 
L 7 0.158 0.319 0.063 
L 8 0.167 0.341 0.002 
L 9 0.158 0.327 0.071 




While only the July images were used for the sensor comparison due to the higher SSC 
variations within the creek, the June images were also used in assessing the NDSSI values for 
the lake to show variation within the lake.  
Point ID NDSSI Value Point ID NDSSI Value 
L 1 0.613 L 6 0.350 
L 2 0.456 L 7 0.339 
L 3 0.384 L 8 0.342 
L 4 0.341 L 9 0.329 
L 5 0.330 L 10 0.320 
 
Figure 17: Distribution of the relative suspended sediment concentration in the lake, derived 
from NDSSI calculated using PlanetScope imagery acquired on June 17, 2021. The image also 
includes the observation points shown in both Tables 8 and 9. 
Table 9: NDSSI Values extracted by the lake observation points using the PlanetScope image 
acquired on June 17, 2021 
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In comparing the lake in Figure 16 and Figure 17, it is interesting to see how the pattern 
of suspended sediment concentration changes. Figure 16 shows the suspended sediment 
concentration throughout the lake relative to South Chickamauga Creek. Figure 17 clearly 
displays the suspended sediment concentration for the lake itself. NDSSI shows that SSC 
increases around the edges of the water body, which is to be expected. This indicates that the 
model is likely accurate. It also seems there is an area of low sediment concentration on one 
side of the creek. This could be related to increased depth or a contributing water source.  In 
addition to the lake being shown in greater detail, the NDSSI values derived from PlanetScope 
data includes many positive values in contrast to the NDSSI values in the creek.  
 
Figure 18: Distribution of relative suspended sediment concentration in the lake, derived from 
NDSSI calculated using Sentinel-2 imagery acquired on June 17, 2021. The image also includes 
the observation points shown in both Tables 8 and 9. 
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Similar to PlanetScope, the creek’s NDSSI values for the points 1-10 (left to right) range 
between 0.3 and 0.6. The highest value of NDSSI or the lowest suspended sediment is 
represented by point 1, though the lowest value differs between satellites. The ranges of NDSSI 
differ for each legend, producing different images. The highest relative suspended sediment 
concentrations are seen along the outer most edges of the creek as expected, with the lowest 
relative suspended sediment concentrations toward the left. 
 
Table 10: NDSSI Values extracted by the lake observations points using the Sentinel -2 image 
acquired on June 17, 2021   
Point ID NDSSI Value Point ID NDSSI Value 
L 1 0.500 L 6 0.426 
L 2 0.364 L 7 0.420 
L 3 0.491 L 8 0.401 
L 4 0.477 L 9 0.313 
L 5 0.434 L 10 0.327 
 
 
Though the spatial resolution prohibits more specific investigation of this quarry using 
Landsat 8, clearly the creek has lower relative suspended sediment concentration in its 
westmost corner. Interestingly, though, Landsat detects a stretch of high relative SSC toward 
the western end of the lake that is not present in the other images. While PlanetScope and 






Figure 19: Distribution of relative suspended sediment concentration in the lake, derived from  
NDSSI calculated using Landsat imagery acquired on June 17, 2021. The image also includes the 
observation points shown in both Tables 8 and 9. 
 
As each image was acquired on the same date and under similar weather conditions, it 
is interesting that the relative suspended sediment concentration patterns of the lake vary so 
much between sensors. Though the pattern varies slightly, the lowest suspended sediment 
concentrations stay toward the left side of the lake, and the edges consistently have higher SSC 






Table 11: NDSSI Values extracted by the lake observations points using the Landsat image 
acquired on June 17, 2021   
Point ID NDSSI Value Point ID NDSSI Value 
L 1 0.319 L 6 0.270 
L 2 0.339 L 7 0.276 
L 3 0.199 L 8 0.286 
L 4 0.270 L 9 0.288 
L 5 0.238 L 10 0.280 
 
3.4.   Analysis of NDSSI Results within the Creek 
As Tables 12 and Figure 20 show, the NDSSI values do not change in the creek despite 
the addition of the nearby lake. However, the appearance of the map is different because the 
relative values are different due to the low suspended sediment in the lake. Landsat 8 is missing 
values due to points of interest being chosen using Sentinel-2, which has higher spatial 
resolution and could capture more of the creek overall.  
 
Table 12: NDSSI values extracted by the creek observation points (excluding the control lake) for 
July 3, 2021 using imagery acquired by all three sensors 
Point ID Landsat 8 NDSSI Value Sentinel – 2 NDSSI Value PlanetScope NDSSI Value 
C 1 -0.144 0.096 -0.429 
C 2 -0.040 0.007 -0.466 
C 3 -0.171 0.168 -0.458 
C 4 -0.148 0.043 -0.481 
C 5 N/A -0.220 -0.500 
C 6 -0.070 0.138 -0.549 
C 7 -0.089 0.026 -0.565 
C 8 -0.194 -0.255 -0.570 
C 9 -0.123 -0.059 -0.523 
C 10 N/A -0.001 -0.461 
C 11 N/A 0.142 -0.556 
C 12 N/A 0.102 -0.614 
C 13 -0.165 -0.020 -0.645 
C 14 -0.162 0.053 -0.625 




Figure 20: Chart depicting the NDSSI values along South Chickamauga Creek (Areas A – E in 
Figure 12) excluding the lake (Area F) on July 3, 2021. 
 
Figure 20 displays NDSSI values for each sensor along 15 points of interest in the creek. 
This excludes the NDSSI values of the lake and can somewhat depict the fluctuations of relative 
suspended sediment from the confluence of the creek to the end of the study site near Point 15 
(Figure 12.) It is evident that the values calculated by Landsat 8 are relatively similar to values 
calculated by Sentinel-2, while PlanetScope data produced mostly negative values. 
Interestingly, the Landsat 8 line and the Sentinel-2 line from Point 1 to Point 6 seem almost 
inverse. Similarly, the PlanetScope line doesn’t seem to resemble the other data until after 
Point 6, though the peaks and troughs are still less pronounced. 
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Points 5 and 10-13 are missing data for Landsat 8, leaving more questions regarding the 
comparison of the values. Regardless of the values themselves, each sensor should take similar 
shapes if they are detecting similar relative suspended sediment concentrations along the 
creek. The differences in line shape could be caused by the differences in spatial resolution 
between images. To get a better sense of the true similarity, this same test would need to be 
conducted on images whose spatial resolution have been correlated and scaled up. 
 
3.5.  TSS Results 
As seen in Table 13, the total suspended sediment concentration appears to be very low 
according to the physical measurements taken. While a lack of samples poses a problem in 
creating a numeric NDSSI model, the TSS values can be used to verify the validity of the 
qualitative estimations made. Figures 21 A and B display the experimental TSS values as well. 
When compared to Figures 22-27, it can be said that the TSS roughly correlates to the NDSSI for 
each study site. 
 
Table 13: Lab-calculated physical TSS values for the South Chickamauga Creek 
TSS (mg/L) 06-17-21 TSS Values 07-03-21 TSS Values 
R.P. Canoe Launch 1 0.000 2.33 
R.P. Canoe Launch 2 0.222 1.89 
Sterchi Farms 1 5.33 5.67 
Sterchi Farms 2 5.67 2.67 
Audubon Acres 1 7.00 8.67 




























Figure 21 A: comparison of Lab-Calculated TSS values between sampling sites for June 17, 2021, 
depicted via bar graph 
Figure 21 B: A comparison of Lab-Calculated TSS values between sampling sites for July 3, 2021, 




3.6.   Evaluation of Normalized Difference Suspended Sediment Index Results 
TSS (mg/L) 06-17-21 
R.S. Canoe Launch 1  0.000 
R.S. Canoe Launch 2 0.22 
 
The South Chickamauga creek tends to have the lowest TSS toward the Tennessee River 
discharge point. The physical TSS samples were taken from the northern most bank, which 
appears to have low relative suspended sediment according to the NDSSI model of both 
PlanetScope and Sentinel-2 data. The water seemed to be highest and slowest at this point, 
though those measurements are not available. 
Figure 22 A: NDSSI model at RP Canoe Launch 
by Planetscope on 6-17-21 
Figure 22 B: NDSSI model at RP Canoe Launch 
by Sentinel-2 on 6-17-21 




TSS (mg/L) 06-17-21 
Sterchi Farms 1 5.33 
Sterchi Farms 2 5.67 
 
 
The creek has moderately low SSC according to the NDSSI results near the bank at 
Sterchi Farms. There seems to be more yellow or “moderate” areas. While the TSS values are 
consistently higher than at the Canoe Launch, the NDSSI would not display that as clearly. The 
sample here was taken from a brick platform leading into the water on the southmost bank. 
Figure 23 A: NDSSI at Sterchi Farms on 6-17-21 
by PlanetScope 
Figure 23 B: NDSSI at Sterchi Farms on 6-17-21 
by Sentinel-2 






TSS (mg/L) 06-17-21 
Audubon Acres 1 7.00 
Audubon Acres 2 7.56 
 
 
The Southeast most study site from which samples were collected seems to more 
accurately align the NDSSI values and the TSS values. The measured TSS values are consistently 
highest in this portion of the river compared to the other two sites. The creek at Audubon Acres 
seemed to be more shallow and narrow.  
Figure 24 A: NDSSI at Audubon Acres on 6-17-21 
by PlanetScope 
Figure 24 B: NDSSI at Audubon Acres on 6-17-21 
by Sentinel-2 






TSS (mg/L) 07-03-21 
R.S. Canoe Launch 1 2.33 
R.S. Canoe Launch 2 1.89 
 
Similar to the June 17 results, the South Chickamauga Creek seems to have the lowest 
TSS values and the highest NDSSI values at the Canoe Launch location near downtown. This 
could be due to its increased width near the confluence with the TN River. This time, however, 
the TSS measurements showed higher TSS values than the creek did in June. This could be due 
to recent rainfall events or differences in sampling. 
Figure 25 A: NDSSI at the RP Canoe Launch on 
7-3-21 by PlanetScope 
Figure 25 B: NDSSI at the RP Canoe Launch on 
7-3-21 by Sentinel-2 





TSS (mg/L) 07-03-2021 
Sterchi Farms 1 5.67 
Sterchi Farms 2 2.67 
 
The first water sample assessed for Sterchi Farms on July 3, 2021 seems to show TSS values 
similar to that found in the same spot on June 17. The second sample, however, appears to 
show significantly lower TSS. This could be due to sampling differences. The NDSSI values seem 
higher on this date compared to the June images at Sterchi Farms, indicating lower suspended 
sediment. This could be due to sampling differences, differences in image calculation, or a 
variety of environmental factors. 
Figure 26 A. NDSSI at Sterchi Farms on 7-3-21 
by PlanetScope 
Figure 26 B. NDSSI at Sterchi Farms on 7-3-21 
by Sentinel-2 




TSS (mg/L) 07-03-21 
Audubon Acres 1 8.67 
Audubon Acres 2 14.67 
 
  
Again, Audubon Acres seems to display the highest TSS values as well as the highest relative SSC 
of our three study sites. This shows consistency in the relative comparisons when compared to 
physical TSS measurements. The relatively high TSS and SSC could be due to the 
geomorphology of the creek in this area. Audubon Acres is in a more curvy area of the creek, 
thus more prone to erosion than straight areas. Also, the water level seemed low in this portion 
of the creek. The creek is also at its most narrow of the study sites in this location. 
Figure 27 A. NDSSI at Audubon Acres on 7-3-21 
by PlanetScope 
Figure 27 B. NDSSI at Audubon Acres on 7-3-21 
by Sentinel-2 





While the results seem to support the hypothesis that PlanetScope data will function 
equally as well – if not better – than Sentinel-2 and Landsat 8 data in the NDSSI assessment of 
small streams and creeks, there are several factors that could have improved the quality and 
breadth of this study. First, additional physical water sampling and assessment could have 
further verified whether Planet data would work in the numeric modeling of the creek. 
Additional samples could have also been helpful in determining if it is possible to use NDSSI to 
create a numeric model that calculates the TSS of small creeks such as the South Chickamauga 
Creek remotely. Thus, it would be possible to conclude quantitative data rather than qualitative 
data. 
Additional automated monitoring of the creek could have given us more insight on 
various factors that are known to affect suspended sediment concentration such as turbidity 
and additional gauge height and discharge measurements along the creek. The information that 
was available from USGS station #03567500 allowed us to compare gauge height and discharge 
measurements in one area of the creek to the TSS and NDSSI for the rest of the creek. However, 
the single sensor is not adequate to make assumptions about the status of the entire study site. 
In assessing the gauge heights for the selected dates, they appeared to be much closer 
to the minimum functionality limit of 3 ft rather than the flood stage. This along with the low 
discharge rate likely also affected the measured TSS. Because physical samples for TSS were 
only acquired during June and July, a comprehensive picture of the creek’s conditions year-
round was not obtained. Additional physical and remote studies would be required during 
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times of more flux to draw more conclusions about standards for this creek. Later studies could 
also be conducted to compare the South Chickamauga Creek’s suspended sediment to other 






Due to lack of physical TSS measurements in the river, we were unable to create a 
numeric model to calculate unique suspended sediment concentration coefficients for the 
South Chickamauga Creek. Instead, a comprehensive qualitative comparison of NDSSI between 
satellites was completed. Our findings show that NDSSI can be calculated with some degree of 
accuracy using all three satellites in question: Landsat 8, Sentinel-2, and PlanetScope. While the 
numeric values of NDSSI differ between satellites due to varying initial DN values and pre-
processing, areas that exhibit higher relative suspended sediment concentrations in one 
satellite seem to be reflected similarly in the others. An exception of error lies in the difference 
of spatial resolution. Because the South Chickamauga Creek is so small, Landsat 8 was not 
suitable for outlining the creek because the pixel size often exceeded the width of the creek. 
PlanetScope data was extremely useful in outlining and examining the creek due to its high 
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